Context: Craniopharyngioma patients without GH therapy are at an increased cardiovascular disease (CVD) risk and particularly concerning women. No previous study on long-term GH therapy in adults with childhood onset (CO) craniopharyngioma was identified. Objective: To investigate CVD risk in adults with CO craniopharyngioma on complete hormone replacement, including long-term GH therapy, and to investigate the impact of disease-related factors on CVD risk. Design and participants: In a cross-sectional study of operated CO craniopharyngiomas from a defined area of Sweden (2.5 million), we enrolled 42 patients (20 women) with a median age of 28 years (range 17-57) and assessed CVD risk of 20 (4-40) years after first operation. Comparisons were made with matched controls and between patients with tumor growth into the third ventricle (TGTV) versus non-TGTV. GH therapy was 10-12 years in women and men. Results: In comparison with controls, both male and female patients had increased body mass index, fat mass, insulin, and leptin levels. Overall, while not significantly increased in male patients, 55-60% of female patients had a medium-high CVD risk, compared with 10-20% in controls. An increased CVD risk (all P!0.05) and higher levels of fat mass and insulin were recorded in the TGTV group versus the non-TGTV group. Late puberty induction and lack of androgens were shown in female patients. Conclusions: Adult patients with CO craniopharyngioma, especially those with TGTV, have persistently increased CVD risk. Conventional hormone substitution, including GH, is insufficient to normalize CVD risk, suggesting an important role for irreversible hypothalamic dysfunction.
Introduction
In adult craniopharyngioma patients on conventional hormone therapy, but without GH therapy, an increased overall mortality (1, 2) and particularly cardiovascular mortality (1-3) have been shown, with a particularly high risk in women (1, 3) . Craniopharyngioma is the most common tumor affecting the hypothalamicpituitary region in children and accounts for 6-9% of all pediatric brain tumors. Treatment may be achieved using either primary aggressive surgery, which may increase the risk of hypothalamic, neurological, endocrine, and visual damage (4), or conservative surgery followed by cranial radiotherapy (CRT), as an effective means of preventing recurrences (5) . Approximately, 50% of children with a craniopharyngioma are obese at follow-up and hypothalamic damage seems to be a major cause (4, 6) . Factors suggested to contribute include vagally mediated hyperinsulinemia and autonomic imbalance with consequences for energy balance and expenditure (7) (8) (9) . Further, reduced sensitivity to endogenous leptin (10) and decreased physical activity (11) , compounded by neurological defects and visual failure, have been documented (1, 3) . Thus, there is evidence that hypothalamic damage per se is responsible for the manifestation of cardiovascular morbidity in patients with a craniopharyngioma, even though clinical evidence is presently lacking. Metabolic syndrome (MetS) has been shown in craniopharyngioma children, and hypothalamic damage together with GH deficiency (GHD) has been suggested to be responsible (12) . In GH deficient children with craniopharyngioma, GH treatment improves linear growth but seems not to ameliorate their weight gain (13) . The impact of long-term GH therapy in adults with childhood onset (CO) craniopharyngioma is, however, presently unknown.
One aim of this cross-sectional study was to investigate the prevalence of cardiovascular risk factors in adults with childhood craniopharyngioma who were on complete hormone replacement therapy including longterm GH therapy. Another aim was to evaluate the impact of tumor growth on cardiovascular risk. Comparisons were made with population controls matched for age, gender, smoking habits, and residence as well as between patients with and without tumor growth into the third ventricle (TGTV) of the hypothalamus.
Subjects and methods

Patients
Study participants were 42 patients (20 women), aged R17 years and recruited from 53 eligible subjects from the South Medical Region of Sweden (population 2.5 million). The patients were surgically treated for a childhood diagnosed craniopharyngioma, between years 1958 and 2000 and alive at the date of this study (2003) (2004) . Excluded subjects (nZ11) were assessed as unsuitable for participation by their respective physician (in dialysis, nZ1; family reasons, nZ1), too ill/tired (nZ4), or too busy (nZ4), or no reason given (nZ1).
Patient demographics, baseline characteristics, and tumor treatment modalities are shown in Table 1 . Panhypopituitarism was present in 32 patients and out of which all but six patients had antidiuretic hormone deficiency. Twenty of the patients had received CRT with a median dose of 50 Gy (range 35-55 Gy) and three patients had received additional Yttrium installation. The median age at first operation was 12 years in women (3-20 years) and in men (3-22 years) , and age at this study was 28 (18-57) years in women and 29 years in men. The majority (74%) of patients had one single operation. The most experienced neurosurgeon graded the tumor location based on the operation records (Table 1) . Most patients (86%) were receiving GH therapy at the time of the study. Two men had been on GH therapy for 6 years respectively but had previously stopped GH therapy for 1 and 8 years. Time since first operation to start of GH therapy was 3 (0-35) years for women and 1 (0-32) year for men, and treatment duration was 10 (3-19) years for women and 12 years for men. Daily GH doses were 0.8 (0.4-1.6) mg in women and 0.5 (0.2-1.0) mg in men. Four patients (three women) were not GHD on GHRH-arginine testing.
Six patients (one woman) were treated for cardiovascular risk factors or disease and out of which all had TGTV together with panhypopituitarism and their body mass index (BMI) was 35 (21-38) kg/m 2 . Their age at operation and time since operation was 13 (7-18) years and 36 (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) years respectively.
Seven women had menarche at 12 (10) (11) (12) (13) (14) years, but five of them had amenorrhea periods from 6 months to 3 years thereafter. The remaining 13 women had puberty induction at a median of 15 (12) (13) (14) (15) (16) (17) (18) years.
All these females were substituted with estrogens of 1-2 mg/day throughout the follow-up. At the time of study, 85% of them were on oral sex steroid replacement; 14 received combinations of oral gestagens and estrogens, of them 11 had 1-2 mg estradiol (E 2 )/day in combination with norethisterone of 1 mg/day (nZ9) or medroxyprogesterone of 10 mg/day (nZ2); and 3 had !35 mg ethinyl E 2 /day in combination with levonorgestrel of maximum 150 mg/day. Two women had estrogens only (1.25 mg conjugated estrogens/day) and one had only gestagens (150 mg medroxyprogesterone/ 3 months). One was postmenopausal and had 2 mg of E 2 with 1 mg of norethisterone. Four women received DHEA or testosterone. The duration of DHEA therapy was 1 (1-3) year and the dose was 25 (25-50) mg. The remaining three women had regular menstrual cycles.
Most of the men (91%) needed testosterone replacement, having started at 16 (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) Visual acuity was normal (R0.8), and visual fields were normal or had minor defects in 19 (nine women) patients. Visual acuity was %0.5 in one eye but normal in the other eye for nine (two women) patients and was %0.5 in both eyes for six (two women) patients. Four (two women) patients were smokers.
Control subjects and study design
Each patient was matched with a control subject similar in age, sex, residence (rural/nonrural), and smoking habits, randomly selected from a computerized population register, as previously described (14) . Out of 140 contacted controls, 19 declined to participate due to health reasons, 17 due to lack of time, 16 due to reluctance, and four due to pregnancy. Among female controls, seven used oral contraceptives with combinations of 35 mg ethinyl E 2 and 250 mg levonorgestrel or up to 0.75 mg norethisterone. One control was postmenopausal and without sex steroids.
The Ethics Committee of Lund University approved the protocol, and all subjects and patients gave written informed consent.
Anthropometric measurements, blood pressure, criteria for MetS, and cardiovascular risk prediction
Measurements of waist and hip circumference and ratio (WHR), body weight, body height, BMI, and blood pressure are described previously (14) . Body composition was measured by bioelectric impedance analysis (BIA) 101-S technique (RJL Systems, Detroit, MI, USA) with a 50-KHz, 800-mA instrument; kg of fat and fatfree mass were determined from equations supplied by the manufacturer, and percentages were calculated from body weight. Muscle mass was calculated from the equation by Janssen et al. (15) .
MetS was defined according to the International Diabetes Federation (IDF) guidelines (16) with central obesity (waist R94 cm in men and R80 cm in women) as a key issue in association with two or more of the following: i) elevated triglycerides (TGs), ii) elevated fasting plasma glucose, iii) raised blood pressure, iv) reduced high-density lipoprotein cholesterol (HDL-C).
Risk of cardiovascular disease (CVD) was assessed by serum levels of high-sensitivity C-reactive protein (hs-CRP) and low-density lipoprotein cholesterol (LDL-C). hs-CRP O1 mg/l and/or LDL-CO3.4 mmol/l indicate 1.7 times increased risk or more of CVD events (17, 18) . The ratio of the lipid-transporting apolipoproteins (ApoB/ApoA-I) was used to calculate the risk of myocardial infarction (19) . In women O0.6 and in men O0.7 was regarded as medium-high risk, and ratio O0.8 in women and O0.9 in men was regarded as high risk.
Assessments of physical activity
To assess physical exercise during leisure time and work time, a self-rating questionnaire, classified into a fourgrade scale, was used (20) . Patients and controls were 
M, male; F, female; 1, intrasellar growth; 2, suprasellar growth; 3, suprasellar growth towards the third ventricle; S, surgery, CRT, cranial radiotherapy; Y, Yttrium installation; G, gonadal steroids; T, levothyroxine; C, cortisone; ADH, antidiuretic hormone. a Not GH deficient at testing.
interviewed by a dietician and asked to describe their daily activity pattern that was assessed in periods of 15-min intervals as either 'active' (standing, walking, housework, sports) or 'inactive' (sleeping, lying down, reading, sitting, watching television). Average physical activity was determined from pedometer readings over a 3-day period (21) . Participants wore their pedometer on the same weekdays.
Biochemical assays
Blood samples were drawn in the morning fasting and before drug intake. Details of assay procedures for plasma glucose, serum levels of insulin-like growth factor 1 (IGF1), and plasma levels of TSH, free thyroxine (T 4 ), free tri-iodothyronine (T 3 ), cortisol, FSH, and LH are presented elsewhere (14) . Serum leptin was measured by RIA (Linco, St Charles, MO, USA) with a detection limit of 0.5 ng/ml and within assay coefficient of variation (CV) of !6%. Serum DHEA levels were measured by competitive immunoassay with inter-and intraassay CV !12.6%. Standard procedures for plasma LDL-C, HDL-C, ApoA-I, ApoB, TG, fibrinogen, E 2 and serum hs-CRP, sex hormone-binding globulin (SHBG) and testosterone were used.
Statistical analysis
Data are presented as median (rangeZmin-max). The Wilcoxon signed-rank test for matched pairs was used to compare patient and control data. Bivariate correlations were analyzed using the Spearman rank correlation coefficient. Binary outturns between patients and controls were compared using McNemar's test. The Mann-Whitney U-test with two independent groups was used to evaluate differences in anthropometric and BIA measurements, cardiovascular risk factors and plasma and serum hormonal levels due to tumor growth. In multiple linear regressions with leptin, insulin, LDL-C, HDL-C, and ApoB/ApoA-I ratio as dependent variables, patient/control status (1Zpatient, 0Zcontrol) and BMI were used as independent variables. Multiple linear regressions were also performed for muscle mass (kg) with patient/control status and total body weight as independent variables. All regression analyses were conducted separately for males and females. We regarded P!0.05 as statistically significant.
Results
Prevalence of CVD and MetS
Six patients (one woman) were on treatment for cardiovascular risk factors or CVD: one man had diabetes mellitus treated with insulin, four patients (one woman) had antihypertensive treatment, and three men had lipid-lowering drugs. Corresponding morbidity among controls was one man on lipid lowering and one man on antihypertensive drugs. Eight patients (three women) and three controls (all men) fulfilled the criteria for MetS according to IDF. There were significantly more patients on treatment for CVD and/or with the MetS compared with controls (11 vs 3, PZ0.04).
Cardiovascular risk factors, risk predictions for CVD, and anthropometric measurements in patients compared with controls Serum insulin levels, but not plasma glucose levels, were significantly higher in patients than in controls ( Table 2 ). Plasma levels of LDL-C, TG, fibrinogen, hs-CRP, and ApoB/ApoA-I ratio were significantly higher in female, but not in male patients, versus controls. Risk for CVD, assessed by hs-CRP and LDL-C levels, was increased (intermediate levels) in 20 (48%) patients (11 women, 55%) and in 12 (29%) controls (2 women, 10%). Using the ApoB/ApoA-I ratio, elevated CVD risk (medium or high) was identified in 22 (52%) patients (12 women, 60%) and 14 (33%) controls (4 women, 20%). Levels of serum leptin and leptin/kg fat mass were significantly higher in male and female patients than in controls.
After linear regression, and with adjustment for BMI, no significant differences were recorded for insulin, LDL-C, and ApoB/ApoA-I ratio in females (PR0.08, all), or for insulin in male patients, as compared with controls (PO0.3). Serum leptin levels were significantly higher in both male and female patients, even when BMI was included in the model (males PZ0.03 and females PZ0.002).
Weight and BMI were significantly higher in patients compared with controls. Both in percentage and kg, male as well as female patients had significantly increased fat mass. No difference was recorded in kg muscle mass, but significantly lower percentage of muscle mass was recorded in patients of both genders. However, this difference remained only in the male patients (PZ0.049) when the increased weight of the patients was taken into account in a multiple regression analysis.
Blood pressure and heart rate did not differ in either gender, in comparison with controls.
Hormone assessments and evaluation of physical exercise between patients and controls
At evaluation, the serum IGF1 levels were without difference between patients and controls of both genders ( Table 2) . Levels of plasma free T 4 were significantly higher in patients compared with controls, while plasma free T 3 levels were only significantly lower in male patients compared with controls, but within normal ranges for both hormones (Table 2) . In female patients, serum DHEA (1.8 vs 3.7 mmol/l, P!0.006) and testosterone levels (0.4 vs 1.2 nmol/l, P!0.003) were significantly lower than in controls, but with no difference for serum testosterone levels in males.
In comparison with controls, male patients had significantly lower levels of leisure-time physical activity (winter and summer), while for female patients only winter leisure-time physical activity levels were significantly reduced (Table 3) . Work-time physical activity was comparable between patients and controls. Estimated active time and activity as assessed by pedometer were significantly lower in male patients only.
Tumor characteristics, cardiovascular risk factors, and hormone assessments in patients with and without TGTV Data from 25 (11 women) patients with TGTV were compared with 17 (nine women) patients without TGTV (non-TGTV; Table 4 ). TGTV patients had significantly more operations (R2 operations; ten versus one patient, PZ0.01) and were more often treated with CRT (18 vs 2 patients, P!0.001) than patients without TGTV. Otherwise, there were no significant differences between patients with and without TGTV in physical activity (any modality), gender, age or time since first operation, dose of radiotherapy, number of pituitary deficiencies, age at or time since start of GH therapy, or number of patients with severe visual disturbances (data not shown). The number of patients with ACTH or TSH deficiency and doses of hydrocortisone or levothyroxine, was not different between patient groups. Serum-free T 4 levels were significantly higher, but no differences were recorded in serum-free T 3 or IGF1 levels. Blood pressure was without differences between groups.
Patients with TGTV had significantly higher weight, BMI, waist, fat mass, and lower fat-free mass compared with patients without TGTV (Table 4) . Serum insulin levels and insulin per kg fat mass were also significantly increased in patients with TGTV. Ten out of 11 patients receiving treatment for CVD and/or with MetS belonged to the TGTV group (Table 4) . CVD risk in patients with TGTV, assessed by hs-CRP and LDL-C levels, was increased (intermediate levels) in 64% in the TGTV group, compared with 24% in the non-TGTV group (Table 4) , and nine out of 11 females in the TGTV group had such risk compared with two out of nine females in the non-TGTV group. Significantly higher insulin levels were recorded in females with TGTV versus females without TGTV (P!0.007). 
Correlations between disease-related factors to cardiovascular risk factors and CVD risk predictions
Tumor extension correlated in both men and women with plasma insulin (rZ0.57, P!0.001, Fig. 1 
Discussion
This study is the first to show the prevalence of cardiovascular risk in adults with CO craniopharyngioma on complete hormone replacement, including 10-12 years of GH therapy throughout childhood and adolescence. Compared with population controls, significant increases in BMI, fat mass, insulin, and leptin levels were recorded in both male and female craniopharyngioma patients, but with a higher cardiovascular risk among the females. Of female craniopharyngioma patients 55-60% compared with 10-20% of the controls fulfilled the criteria for 'medium-high CVD risk', predictors for diabetes mellitus and cardiovascular events (22) . In contrast, 'CVD risk indicators' were not different between male craniopharyngioma patients and controls. However, hypothalamic damage from the tumor was clearly more important than female gender risk, as shown by the higher 'CVD risk' and insulin levels among the females in the TGTV group compared with females in the non-TGTV group. Furthermore, the tumor extension correlated positively with the insulin levels in both genders. Hypothalamic damage may result in vagally mediated hyperinsulinemia, which is a contributing mechanism for excess fat mass accumulation and high BMI, resulting in obesity and deranged lipid levels (7, 23) . Higher insulin levels and insulin/kg fat mass shown in the TGTV group may also be due to lack of sensitivity to insulin. Whether patients in the present study were insulin resistant requires further investigations using clamp techniques. The high BMI shown in both genders was, however, the most important link to CVD risk, as after adjustment for BMI all differences in cardiovascular risk factors, except for leptin disappeared. Thus, leptin was unaffected by the adjustment for BMI indicating lack of sensitivity to endogenous leptin, and this may further lead to disruption of the control of hunger and satiety and to reduced energy expenditure (24) . In the TGTV group, other possible contributing mechanisms include: altered regulation of central sleep-wake cycle with increased daytime sleepiness (25) , autonomic imbalance (9, 26) , as well as reduced physical activity. Long-term GH therapy, as shown in the present study, was unable to affect the increased fat mass, while the muscle mass in absolute terms was normal suggesting that GH had the expected anabolic effect in these patients. Plasma glucose levels remained normal, reflecting sufficient skeletal muscle Table 3 Physical activity evaluated by the participants at a four-grade scale at work and in leisure time during summer and winter, and as estimated active and inactive time during an ordinary day and by counting steps for 3 days with a pedometer.
Women
Men P value mass, which is of principal importance in the maintenance of glucose homeostasis (27) . Based on the very low annual incidence of CO craniopharyngioma of 0.4/million person years (28) and a background population of 2.5 million, the number of included patients may seem limited, but is nevertheless representative for all deceased craniopharyngioma patients during 42 years in this area of Sweden and is thus representative for the entire surviving adult population of CO craniopharyngioma. However, as this cohort is a cross-section of survivors, we cannot exclude that nonsurvivors may have exhibited a different demographic profile from our study cohort.
One goal when treating craniopharyngioma patients is to reach a cardiovascular risk comparable with that of the general population, but currently reference values for cardiovascular risk factors or body composition parameters are not available in Sweden in such a young cohort. Thus, we matched for variables as smoking, gender, age, and residence, but not for BMI or fat mass, as these variables were considered as outcome measures. Even if this control group represents a selected population we consider it appropriate as a similar percentage of patients (9%) and controls (14%) declined to participate due to health reasons. However, based on data from Statistics Sweden (www.scb.se), the median BMI for Swedish subjects age matched to our patient population is 23 kg/m 2 for women and 25 kg/m 2 for men in comparison with 21 and 24 kg/m 2 respectively in our control subjects. Thus, the relative difference in BMI between patients and controls is reduced from 48 to 35% for women and from 17 to 12% for men, but was not considered to alter the findings of this study.
The majority of craniopharyngioma patients were on long-term GH therapy, and effectiveness of GH dosing is shown by similarities in the achieved height and IGF1 levels in patients in comparison with controls. However, we cannot exclude that over-or under replacement with GH may have occurred previously. Thus, the exact benefit of GH therapy cannot be elucidated based on the present study design, as no control group of CO craniopharyngioma patients without GH therapy is available in Sweden. Further, recent consensus statements (29) suggest that GH therapy should be recommended in patients with reconfirmed GHD to at least their mid-20s as there are negative consequences on somatic maturation if GH replacement is interrupted (30) . Positive effects of continued treatment on fat distribution, muscle mass, cardiac function, and bone mass have been shown (31, 32) . However, in the present study, GH therapy was insufficient to influence the much increased fat mass, which agrees with previous results of 2 years of GH therapy in adult onset craniopharyngiomas (33) . In GHD women, oral estrogen replacement, compared with transdermal estrogen, reduces the action of exogenous GH, necessitating a higher GH dose (34) , which is also shown in the present study. Presently used low doses of sex steroids seem not to affect lipid levels negatively (35) . Previous mortality studies in craniopharyngioma patients have shown about a three-to ninefold increase in cardio-and cerebrovascular mortality (1-3), which seems to be even greater in estrogen-deficient women (3). Sixty-five percent of the craniopharyngioma females had late puberty induction but were then successfully treated with estrogens of 1-2 mg daily without interruption. No significant correlations between age at puberty induction/ menarche in relation to BMI or other CVD indicators were recorded. Whether late puberty induction together with the presently used low estrogen doses may influence cardiovascular risk needs, however, longer follow up in larger cohorts of female patients. Low levels of serum DHEA and testosterone were recorded among the female patients indicating 'androgen deficiency', which is associated with increased CVD risk (36, 37) . Taken together, late puberty induction and rather low doses of estrogen substitution together with a lack of androgens may have influenced the increased CVD risk seen among the female craniopharyngioma patients in the present study.
GH therapy normalizes 11b-hydroxysteroid dehydrogenase 1 activity in GHD subjects (38) , and only two GHD patients were presently not receiving GH. In addition, most men and women were treated with low doses of replacement hydrocortisone (39) , even though some exceptions occurred in five patients with extreme obesity. It has been suggested that the hydrocortisone dose may need to be increased in patients up to the weight of 120 kg (40) . However, importantly, no significant correlation between fat mass and the hydrocortisone dose was shown in the present study, and only a few patients received higher than standard hydrocortisone doses. Equally, while hypothyroidism is a recognized risk factor for CVD (41) , the medium serumfree T 4 was slightly higher, but in the normal range, and not considered related to the increased cardiovascular risk in the female patients. Overall, hormone replacement is rather unphysiological in these patients and even if selected biochemical parameters may be reassuring they do not guarantee health. The slight over-or under treatment in the present study cannot, however, explain the very high cardiovascular risk recorded among the females or in the TGTV group.
In summary, at a median age of 28 and 20 years after surgery, patients with a CO craniopharyngioma, especially those with TGTV, have persistently increased CVD risk. Conventional hormone replacement, including long-term GH therapy, was insufficient to normalize CVD risk, suggesting an important role for irreversible hypothalamic damage. It is possible that late puberty induction and the lack of androgens might be of importance for the increased CVD risk among the female patients, which needs further investigations.
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